Objectives: To describe the frequency of co-occurring newly acquired cognitive impairment, disability in activities of daily livings, and depression among survivors of a critical illness and to evaluate predictors of being free of post-intensive care syndrome problems. Design: Prospective cohort study. Setting: Medical and surgical ICUs from five U.S. centers. Patients: Patients with respiratory failure or shock, excluding those with preexisting cognitive impairment or disability in activities of daily livings. Interventions: None. Measurements and Main Results: At 3 and 12 months after hospital discharge, we assessed patients for cognitive impairment, disability, and depression. We categorized patients into eight groups reflecting combinations of cognitive, disability, and mental health problems. Using multivariable logistic regression, we modeled the association between age, education, frailty, durations of mechanical ventilation, delirium, and severe sepsis with the odds of being post-intensive care syndrome free. We analyzed 406 patients with a median age of 61 years and an Acute Physiology and Chronic Health Evaluation II of 23. At 3 and 12 months, one or more postintensive care syndrome problems were present in 64% and 56%, respectively. Nevertheless, co-occurring post-intensive care
syndrome problems (i.e., in two or more domains) were present in 25% at 3 months and 21% at 12 months. Post-intensive care syndrome problems in all three domains were present in only 6% at 3 months and 4% at 12 months. More years of education was associated with greater odds of being post-intensive care syndrome free (p < 0.001 at 3 and 12 mo). More severe frailty was associated with lower odds of being post-intensive care syndrome free (p = 0.005 at 3 mo and p = 0.048 at 12 mo). Conclusions: In this multicenter cohort study, one or more postintensive care syndrome problems were present in the majority of survivors, but co-occurring problems were present in only one out of four. Education was protective from post-intensive care syndrome problems and frailty predictive of the development of postintensive care syndrome problems. Future studies are needed to understand better the heterogeneous subtypes of post-intensive care syndrome and to identify modifiable risk factors. (Crit Care Med 2018; 46:1393-1401) Key Words: activities of daily living; cognitive dysfunction; critical illness; depression; post-intensive care syndrome; survivors N ew or worsened cognitive impairment, disabilities in activities of daily livings (ADLs), and mental health impairment arising after critical illness and persisting beyond acute care hospitalization are referred to as "Post-Intensive Care Syndrome" (PICS) (1, 2) . Despite growing awareness of PICS, effective interventions remain elusive (3) (4) (5) . This may relate, in part, to an incomplete understanding of the potential subtypes of PICS and of the associated factors that may predispose patients to, or protect them from, the development of PICS.
Cohort studies of survivors of the acute respiratory distress syndrome and sepsis report problems in cognition, disability, and/or mental health (6) (7) (8) (9) (10) (11) . Nevertheless, the co-occurrence of these problems (i.e., how often one, two, or all three are present) in individual patients remains unclear. Furthermore, despite the high prevalence of PICS reported in prior studies, some patients survive critical illness without problems. Little is known about factors that may predict survival from critical illness without PICS problems.
To address these gaps in knowledge, we measured the cooccurrence of cognitive impairment, disability in ADL, and depression among survivors of critical illness who did not have cognitive impairment or disability in ADLs prior to the index illness. We also evaluated potential predictors of being PICS free (i.e., without clinically significant problems in any of the three PICS domains). We hypothesized that different subtypes of PICS would be present. We also hypothesized that factors present before and during critical illness would be associated with being PICS free.
MATERIALS AND METHODS
We tested these hypotheses in a prospective cohort study nested within the identical Bringing to Light the Risk Factors and Incidence of Neuropsychological Dysfunction in ICU Survivors (BRAIN-ICU) (NCT00392795) and Delirium and Dementia in Veterans Surviving ICU Care (MIND-ICU) (NCT00400062) studies. We included participants who survived the index hospitalization and completed long-term follow-up (12) . These original data have been presented in abstract form (13) .
Setting and Study Participants
The study protocol and the eligibility criteria have been published and are presented in the supplemental data (Supplemental Digital Content 1, http://links.lww.com/CCM/D594) (12) . We included adult patients age 18 years old or older treated for respiratory failure or shock in medical and surgical ICUs from five U.S. centers (supplemental data, Supplemental Digital Content 1, http://links.lww.com/CCM/D594). The primary aim of the parent study was to prospectively evaluate the effects of acute critical illness on cognitive function, disability, and mental health outcomes in survivors of critical illness. We therefore excluded those at high risk for preexisting cognitive impairment (i.e., severe dementia, suspected anoxic brain injury, neurodegenerative disease, or recent cardiac surgery), and, to enhance prospective data collection about the present episode of critical illness, those with a previous episode of critical illness in the last 30 days and those with greater than 72 hours of organ dysfunction prior to enrollment in the study. To facilitate follow-up, we also excluded those who were moribund, those with blindness, deafness, inability to speak English, active substance abuse, psychotic disorders, homelessness, or who lived greater than 200 miles from an enrolling center. Further, because we sought to describe the co-occurrence of PICS problems, defined as the presence of new problems in two or more PICS domains, we also excluded those with less overt cognitive impairment (i.e., an Informant Questionnaire on Cognitive Decline in the Elderly score of ≥ 3.6) (14), and preexisting disability (i.e., score of ≥ 1 on the Katz ADL) (15) . Because no objective measure for preexisting depression or its severity was available in the original studies, we did not exclude those with preexisting depression from our primary analyses. Patients or their proxies provided informed consent. The institutional review boards at each center approved the study protocol.
Determining the Co-Occurrence of PICS Problems
At 3 and 12 months after hospital discharge, study personnel who were masked to the events of the index critical illness performed in-person assessment for cognitive impairment, disability in ADL, and mental health problems using the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) (16) , the Katz ADL (15) , and the Beck Depression Inventory Second Edition (BDI-II) (17) , respectively (for detailed descriptions of these instruments, see supplemental data, Supplemental Digital Content 1, http://links.lww.com/ CCM/D594). We chose depression as a representative measure of mental health problems because we wanted to study newly acquired problems, based on previous work in showing that depression is five times more common than posttraumatic stress disorder (PTSD) in survivors of critical illness (18) , and because other mental health symptoms such as anxiety and PTSD frequently co-occur with depression (10).
We defined PICS problems using accepted limits to determine the presence of clinically significant cognitive impairment, disability in ADLs, and depression. We defined cognitive impairment as an RBANS score of 78 or less, disability as a Katz ADL score greater than or equal to 1, and depression as a BDI-II score greater than 13.
Predictors of Being Post-Intensive Care Syndrome Free
We selected a priori potential predictors for being PICS free at follow-up. We included age, years of education, Canadian Study of Health and Aging Clinical Frailty Scale score (19) , and durations of severe sepsis, delirium (20) , and mechanical ventilation (for complete descriptions, see supplemental data, Supplemental Digital Content 1, http://links.lww.com/CCM/D594).
Missing Data
We used predictive mean matching multiple imputation at the time of regression modeling to account for incomplete predictor and outcome data among patients who participated in follow-up testing at each time point (21) .
Statistical Analysis
We used the cutoffs defined above and descriptive statistics to determine the co-occurrence of PICS problems. We categorized patients into eight groups ranging from having no problems to problems in all three PICS domains: 1) no problems, 2) cognitive impairment only, 3) disability in ADLs only, 4) depression only, 5) cognitive impairment and disability in ADLs, 6) cognitive impairment and depression, 7) disability in ADLs and depression, and 8) cognitive impairment, disability in ADLs, and depression. Data are reported as median and interquartile ranges (IQRs).
We used multivariable logistic regression to determine the association and the odds of being PICS free at 3 and 12 months, adjusting for covariates. We conducted two sensitivity analyses: 1) excluding patients with proxy reported history of depression and 2) substitution of Agency for Healthcare Research Quality (AHRQ) Index of Socioeconomic Status for years of education (22) .
Associations with continuous covariates were allowed to be nonlinear using restricted cubic splines. Nonlinear terms were forced to be linear if the p value of the global test for nonlinearity was greater than 0.20. We used R (Version 3.1.2; R Project for Statistical Computing, Vienna, Austria) for all analyses. p values less than 0.05 were considered significant.
RESULTS

Characteristics of the Patients
Between January 2007 and December 2010, we enrolled 1,047 patients ( Fig. 1) . During the hospitalization, seven patients withdrew consent and requested their data be destroyed. Of the remaining 1,040 patients, 214 died and 45 withdrew from further participation during hospitalization. Of the 781 hospital survivors, we excluded 250 who had preexisting cognitive impairment and/or preexisting disability in ADLs, leaving 531 patients eligible for this long-term follow-up study. We assessed 384 of 465 survivors (83%) at 3 months and 334 of 419 survivors (80%) at 12 months.
Overall, 406 unique patients, who were at a median age of 61 years old (IQR, 51-70 yr old) with high severity of illness (median Acute Physiology and Chronic Health Evaluation II score of 23 [IQR, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] ) at admission, and the majority of whom were not frail (median Clinical Frailty Scale score of 3 [IQR, [2] [3] [4] ) contributed data to these analyses ( Table 1) .
Co-Occurrence of PICS Problems
Among patients who participated in 3-month follow-up, we assessed 337 for cognitive impairment (88%), 383 for disability (99%), and 363 patients (95%) for depression. Of patients assessed, 128 (38%) had cognitive impairment, 100 (26%) had disability, and 121 (33%) had depression. At 12 months, we assessed 292 patients for cognitive impairment (87%), 332 for disability (99%), and 313 for depression (94%). Of these, 97 (33%) had cognitive impairment, 69 (21%) had disability, and 97 (31%) had depression. The median scores on the each of the follow-up assessments are reported in Table S1 (Supplemental Digital Content 1, http://links.lww.com/CCM/D594).
There were 330 patients (86% of survivors) and 285 (85% of survivors) who completed all three assessments at 3 and 12 months, respectively. A single PICS problem was present in 130 (39%) at 3 months and 101 (35%) at 12 months (Fig. 2) . Two problems were present in 62 patients (19%) at 3 months and 47 patients (16%) at 12 months. Only 19 patients (6%) and 12 patients (4%) had problems in all three domains at 3 and 12 months, respectively. Among those patients with any PICS problems, the proportion with one, two, or three problems was 62%, 29%, and 9%, respectively at 3 months, and 63%, 29%, and 9%, respectively at 12 months. Approximately four out of every 10 patients were PICS free (119/330 [36%] at 3 mo and 125/285 [44%] at 12 mo) (Fig. 2) . Although the proportion of patients who were PICS free during follow-up increased from 3 to 12 months, the total number of patients without any problems was similar (Fig. 2) .
In a sensitivity analysis that excluded patients with a proxy report of preexisting depression, the proportion of patients who had one or more PICS problems decreased by 5% at 3 months and 12 months (Fig. S1 , Supplemental Digital Content 1, http://links. lww.com/CCM/D594). This decrease was due, in large part, to fewer patients having PICS related to depression either as a single problem or co-occurring with disability or cognitive impairment.
Among the 211 patients with at least one PICS problem at 3 months, 44 patients (21%) no longer had any PICS problems at 12 months, 115 patients (55%) still had at least one PICS problem, 19 patients (9%) died, and 33 patients (16%) withdrew or were lost to follow-up. Of the 119 patients who had no PICS problems at 3 months, 76 patients (64%) remained without PICS problems at 12 months, 19 patients (16%) developed at least one PICS problem, 8 patients (7%) died, and 16 patients (13%) withdrew or were lost to follow-up.
Predictors Being PICS Free at Follow-Up
Survivors who were PICS free tended to be younger, more educated, less frail, and had fewer comorbidities than those with PICS (Tables S2 and S3, Supplemental Digital Content 1, http://links.lww.com/CCM/D594). Although severity of illness scores at ICU admission were similar between those who developed PICS and those who were PICS free, the proportion of patients who were mechanically ventilated, were septic, delirious, or comatose during their ICU stay was lower among those who were PICS free. Furthermore, the duration of each of these conditions was shorter in those who were PICS free (Tables S2 and  S3 , Supplemental Digital Content 1, http://links.lww.com/ CCM/D594).
After adjusting for covariates, more years of education independently predicted greater odds of being PICS free at 3 and 12 months (p < 0.001 at both time points) Other diagnoses include acute renal failure, acid/base disturbance, endocrinologic, hemorrhagic shock, gastrointestinal bleeding, coagulopathy, cirrhosis, and acute liver failure.
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( Table 2 and Fig. 3, A and B) . Conversely, higher Clinical Frailty Scale scores at ICU admission independently predicted lower odds of being PICS free (p = 0.005 at 3 mo and p = 0.048 at 12 mo) ( Table 2 and Fig. 3, C and D) . Age, duration of delirium, duration of severe sepsis, and duration of mechanical ventilation were not associated with being PICS free ( Table 2 ).
In the sensitivity analysis excluding 53 patients with a history of depression, education remained a significant predictor of being PICS free, but the association with frailty was no longer statistically significant ( 
DISCUSSION
In this multicenter cohort study of survivors of critical illness, we found that six out of 10 patients without preexisting cognitive impairment or disability developed one or more PICS problems. Most patients with PICS had problems in a single domain, with cognitive impairment being most common, but disability in ADLs and depression also occurred frequently. Co-occurring PICS problems (i.e., problems in two or three domains) were present in two out of 10 patients. These data highlight the heterogeneous subtypes of PICS. Because the majority of patients included in this study were affected in only a single domain, our findings suggest that cognitive impairment, disability, and depression may be distinct sequelae of critical illness rather than part of a single unifying syndrome.
Over the last 15 years, investigators have studied cognitive, physical, and mental health function among survivors of critical illness, reporting significant proportions of these patients suffer from new or worsened impairments and disabilities, giving rise to the concept of PICS (1, 2, 6-9, 12, 18). To our knowledge, only one small cohort study has reported the co-occurrence of PICS problems. Maley et al (23) used a phone-based, patient-reported assessment of cognitive, physical, and mental health function among 43 survivors a median of 8 months after critical illness. At least one PICS problem was present in 84% of patients (36/43 The overlap between the circles represents the co-occurrence of two or three problems. Overall, six out of 10 patients had PICS. The most common pattern at both 3 and 12 mo was problems in a single domain and was present in four out of 10 patients. Co-occurring problems (i.e., in two or three domains) were present in two out of 10 patients. restricted to only patients who reported problems that were worse after critical illness, however, the overall prevalence of PICS decreased to 54%, nearly identical to the prevalence of PICS in the present study. They also reported that two or more PICS problems were present in 56% of patients (24/43) but did not report the co-occurrence of problems that were worse after critical illness. In contrast, we report that two or more new PICS problems were present in 20% of our cohort. Thus, the different prevalence of co-occurring PICS problems between these studies may be because we considered only new PICS problems after critical illness. We report that more years of education were associated with greater odds of being PICS free. In studies of communitydwelling adults, those with more years of education have lower rates of dementia, disability, and depression (24) (25) (26) (27) (28) . The exact mechanisms by which education may be protective from these problems are unclear. Education is associated with occupational attainment, greater income, better cognitive and critical thinking skills, and larger social/support networks that could represent greater resources to facilitate recovery (29) . Our sensitivity analysis showing no association between socioeconomic status and freedom from PICS, however, suggests good outcomes after critical illness could be related to unmeasured education-related noneconomic factors such as health behaviors (e.g., avoidance of cigarettes and heavy alcohol use, exercise, and control of chronic disease), health literacy, or greater access to the healthcare system (28) . Alternatively, because the RBANS is age adjusted, but not education adjusted, this finding could represent that those with greater years of education scored higher on the RBANS and therefore did meet our conservative definition of cognitive impairment. Finally, personality traits, such as the ability to persevere toward long-term goals (i.e., grit) that are associated with more years of education, may allow the those with more education to endure the road to recovery (30) . These hypotheses should be evaluated in future long-term follow-up studies. Clinical Frailty Score D Figure 3 . Associations between years of education and Clinical Frailty Scale score with the adjusted probability of being post-intensive care syndrome (PICS) free at follow-up. These figures display the association between years of education and Clinical Frailty Scale score with the adjusted probability of being PICS free at 3 mo (left column) and 12 mo (right column). For (A) and (B), the blue lines represent the association, and blue shading represents the 95% CI. For (C) and (D), dots represent the point estimate, and error bars the 95% CI. The rug plot (just above the x-axes) shows the distribution of the exposure of interest. More years of education were associated with greater probability of being PICS free at 3 mo (p < 0.001) (A) and at 12 mo (p < 0.001) (B). Higher Clinical Frailty Scale scores, conversely, were associated with a lower probability of being PICS free at 3 mo (p = 0.005) (C) and at 12 mo (p = 0.048) (D).
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We also found that higher Clinical Frailty Scale scores were associated with lower odds of being PICS free. Frailty is a state of increased vulnerability characterized by diminished physiologic reserve across multiple domains that results in the reduced ability to maintain and restore homeostasis in the setting of acute stress (31) . In patients with critical illness, frailty is associated with greater mortality and subsequent disability (32) (33) (34) . The association between greater frailty and lower odds of being PICS free could reflect greater declines in cognitive, physical, and/or mental health by those with higher Clinical Frailty Scale scores during critical illness. Alternatively, if the declines in these domains were similar among patients across the fitness to frailty continuum, those with more severe frailty may possess reduced abilities to recover to their preillness status. These hypotheses need to be evaluated in future trials where trajectories of decline and recovery in each of the three PICS domains are measured using more frequent assessment than was available in the current study.
Although we evaluated several modifiable risk factors for PICS (i.e., durations of sepsis, delirium, and mechanical ventilation), none were associated with being PICS free at follow-up. Since collection of these data, however, interventions to reduce the modifiable risk factors of sedation and immobility have been shown effective. Nevertheless, future studies are needed to determine the association between sedation, immobility, and PICS problems and whether reducing these modifiable ICU-related risk factors for translates into improved outcomes for survivors.
Strengths of this investigation include enrollment of a geographically diverse cohort of medical and surgical critical illness survivors, that our cohort was 10-fold larger than the only other study to examine patterns of PICS problems, and that we achieved excellent long-term in-person follow-up. Moreover, we used a thorough three-step process to exclude patients from enrollment who had preexisting moderate or severe cognitive impairment, and we assessed participants for mild preillness cognition and disabilities using well-validated surrogate measures. We also prospectively collected a range of detailed clinical, physiologic, and pharmacologic variables daily throughout the hospitalization.
Several limitations need to be acknowledged. First, given the emergent nature of critical illness, we were unable to directly assess participants' cognitive function, disability in ADLs, and mental health prior to critical illness. Second, although we chose previously published definitions of clinically significant cognitive impairment, disability, and depression, these definitions are conservative and may underestimate PICS problems that are less overt yet still clinically important (12) . Third, we did not assess for preexisting anxiety or PTSD and therefore did not include these mental health problems in our analyses that were focused on newly acquired PICS problems. Given that precritical illness mental health symptoms are strong risk factors for postcritical illness mental health symptoms (35, 36) , future studies that account for preexisting symptoms of anxiety and PTSD are needed to determine the effects of critical illness on these important mental health problems. Fourth, since it is unlikely that death and/or loss to follow-up occurred at random in this study, analyzing data only from survivors who were not lost to follow-up could have resulted in survivor bias. Nevertheless, whether this bias represents unhealthy survivor bias (e.g., those with severe PICS problems could have been more likely to die or to be unable to participate in follow-up) or healthy survivor bias (e.g., those with no PICS problems resumed normal work and family activities and were therefore too busy to participate in follow-up) is unknown. Further study of the effects of survivorship bias on outcomes after critical illness is needed. Finally, as with any observational study, the possibility of residual confounding cannot be excluded. Nevertheless, we adjusted for a number of potential confounders in our multivariable analysis.
CONCLUSIONS
We found six out of 10 survivors of a critical illness had one or more PICS problems up to a year after ICU admission. Co-occurring PICS problems were present in two out of 10. More years of education was associated with being PICS free and more severe frailty with lower odds of being PICS free. Future work is needed to define better the specific subtypes of PICS, to identify the risk factors for co-occurring patterns of PICS, and to understand better the clinical, biological, and social factors related to the ability to withstand and recover successfully from critical illness. This understanding could facilitate the evaluation of interventions directed to improve outcomes for survivors of critical illness.
